We report self-referenced temperature sensing with a high-Q Z-cut lithium niobate microdisk resonator, based on thermo-optic birefringence. We achieved a temperature sensitivity of 0.834 GHz/K and temperature sensing resolution of 0.8 mK. High-Q photonic microresonators, with temperature dependent cavity resonances, are ideal for high-resolution temperature sensing. A majority of microresonator-based temperature sensors developed to date [1] [2] [3] [4] [5] [6] [7] are based upon direct resonance shift induced by temperature variation, which, however, requires external wavelength calibration for proper operation. Thermo-optic birefringence, in contrast, introduces differential thermo-refractivity of two polarization modes, which functions as an ideal approach for self-referenced temperature sensing [8] . However, the millimetersized MgF 2 and CaF 2 resonators currently employed for this purpose [8] [9] [10] [11] are challenging for chip-scale integration due to their intrinsic fabrication process and device geometry. Here we report self-referenced temperature sensing based on an on-chip high-Q lithium niobate (LN) microdisk resonator. The device exhibits a temperature sensitivity of 0.834 GHz/K, one order of magnitude larger than current state of the art [8] [9] [10] [11] . We achieved a temperature sensing resolution of 0.8 mK with an optical power of only 1.5 µW.
High-Q photonic microresonators, with temperature dependent cavity resonances, are ideal for high-resolution temperature sensing. A majority of microresonator-based temperature sensors developed to date [1] [2] [3] [4] [5] [6] [7] are based upon direct resonance shift induced by temperature variation, which, however, requires external wavelength calibration for proper operation. Thermo-optic birefringence, in contrast, introduces differential thermo-refractivity of two polarization modes, which functions as an ideal approach for self-referenced temperature sensing [8] . However, the millimetersized MgF 2 and CaF 2 resonators currently employed for this purpose [8] [9] [10] [11] are challenging for chip-scale integration due to their intrinsic fabrication process and device geometry. Here we report self-referenced temperature sensing based on an on-chip high-Q lithium niobate (LN) microdisk resonator. The device exhibits a temperature sensitivity of 0.834 GHz/K, one order of magnitude larger than current state of the art [8] [9] [10] [11] . We achieved a temperature sensing resolution of 0.8 mK with an optical power of only 1.5 µW.
The microdisk resonator was fabricated on a Z-cut LN-on-insulator wafer, with a radius of 25 µm and a thickness of 400 nm, sitting on a 2-µm-thick silica pedestal ( Fig. 1 (a) ). The device exhibits quasi-transverse electric (quasi-TE) and quasi-transverse magnetic (quasi-TM) cavity modes, with electric fields dominantly parallel and perpendicular to the device plane, respectively. For a Z-cut LN microdisk, the optical axis aligns normal to the device plane. Therefore, TM TE dT ≈ 3.34 ×10 −5 /K at room temperature for a telecom-band wavelength [12] . A temperature variation will thus transfer to a significant differential frequency shift between the two modes, which is ideal for self-referenced temperature sensing.
To demonstrate the temperature sensing, we selected a quasi-TE and a quasi-TM cavity resonance in the telecom band around 1500 nm, with resonance frequencies close to each other ( Fig. 1(b) ). These two modes exhibit loaded optical Q's of 2.9×10 5 and 2×10 5 , respectively. At 30 • C, the quasi-TM mode has a higher frequency, 18 GHz separated apart from that of the quasi-TE mode. When the device temperature increases, the two cavity resonances, f TM and f TE , move approaching each other (Fig. 1(c) ), with their frequency separation ∆ f = f TM − f TE decreasing until they cross over each other. Fig. 2(a) shows the recorded temperature dependence of ∆ f . As expected, ∆ f decreases linearly with increased temperature until ∼ 45 • C, above which coupling between the two modes introduces nonlinear temperature dependence of ∆ f . In the linear regime where the sensor will operate, the device exhibits a temperature sensitivity of | d∆ f dT | = 0.834 GHz/K, which is one order of magnitude larger than other self-referenced devices [8] [9] [10] [11] . To characterize the sensing performance, we set the device temperature at 30 • C and launched an optical power of 1.5 µW into the microdisk resonator. The optical power is high enough to achieve a big enough signal-to-noise ratio at the optical detection of cavity transmission, while low enough to induce negligible nonlinear optical effects. We made 32768 continuous measurements of ∆ f . Fig. 2(b) plots the Allan deviation of the detected temperature, which shows a minimum value of 0.8 mK at averaging time of 2 seconds. This measurement uncertainty directly corresponds to the short-term stability of our temperature stabilizer (∼1 mK) used to control the device temperature. The sensing limit of the temperature sensor is expected to be significantly lower than this value. Further exploration (say, further stabilization of the temperature under test) will help identify the ultimate limit of our temperature sensor.
In summary, we have demonstrated self-referenced temperature sensing on a Z-cut LN microdisk, based on thermooptic birefringence. The device exhibits a significant temperature sensitivity of 0.834 GHz/K, which allowed us to measure a temperature uncertainty of 0.8 mK.
